Intr oduction
Wavelet representation is thought to be one of the most effective tools in image and signal processing. One of the most useful features of wavelets is that they are efficient to approximate signals containing point-wise singularities [3] . Traditional wavelet methods, however, fail to process multi-dimensional data for their invalidation about the singularities of surfaces [5, 8] .
In order to overcome the limitation of traditional wavelets, several new image representations have been proposed such as Ridgelets [9] , Curvelets [8] , Contourlets [10] and Shearlets [11] . The most successful representations include the curvelets introduced by Candes and Donoho. The curvelets are effective for their optimal approximation for two-dimensional piecewise smooth functions. However, they lose the ability to provide a multi-resolution representation of the geometry that traditional wavelets possess. Therefore, it is very challenging to make the discrete implementation of curvelets.
effective construction of shearlets, however, is still a challenging problem for us to tackle.
The paper is organized as follows. In Section 2 we introduce the mathematical theory of shearlet frames. In Section 3 we describe the framework of the affine systems for the construction of shearlets and provide several examples of shearlets. Concluding remarks are drawn in Section 4.
2 Shear let Fr amewor k As described in the introduction, Shearlet representation has many advantages such as directional sensitivity and optimal approximation. Some methods to construct shearlets have been demonstrated in some literatures. Inspired by their work, we propose a new method to construct shearlets by obtaining their Fourier forms on some necessary conditions.
Before constructing usable shearlets, we give the following theorem which makes it theoretically possible to construct certain shealets. 
3 Constr uction of Shear lets
To construct usable shearlets, we need some ancillary functions with special properties. Some ideas of these constructions are adapted from [1] and [2] . The results will be used later.
We start by defining an ancillary function θ : → 
We can easily verify that b is a non-negative real valued function axially symmetric to the y-axis and
. We further have Since we can obtain the relation after elementary calculation, we omit the proof for this theorem. A plot of 1 ψ is shown in Fig.2 
Next, we define the function 2 :
In analogy with the above calculation, we have the following theorem. We also omit the concise proof for theorem 3.2. A plot of 2 ψ is shown in Fig.2 . Up to now we have obtained two important functions 1 ψ and 2 ψ . For the construction of shearlets, we introduce the theory of affine systems with composite dilations [3] . In dimension 2 n = , the affine systems with composite dilations are the collections of the form:
× invertible matrices and det( ) 1 B = .
Now we introduce a theorem which provides a theoretical background for the construction of shearlets. 
, and suppose that 
, jlk
where jlk ψ is defined as above.
Inspired by theorem 3.3, we consider shearlets from a different aspect. The following theorem allows us to construct shearlets on the cone. 
(1,1) ∆ = and suppose that , ,
We further obtain
Especially, we have 
Then we can obtain 
Analogously, we have the following theorem from which one can obtain a new class of shearlets on the cone. : Then { }
Conclusions
In this paper, we have succeeded in introducing the shearlet representation for the efficient geometric representation of multidimentional data. In particular, we present a method to construct shearlets in frequency domain. This method helped us to construct several types of shearlets in different aspects. First, a parseval frame of shearlets is obtained by combing different systems of cone-based shearlets. Subsequently, we construct a family of cone-adapted shearlet frame consisting of compactly supported shearlets. From mathematical perspective, one can consider smoothness of constructed shearlets. Especially, we can try to provide a new construction yielding smooth Parseval frame of shearlets. In future research, we intend to study some implementations of shearlet transform.
